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POTENTIOMETER WITH EMBEDDED 
SIGNAL CIRCUITRY 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
This application is a continuation-in-part of U.S. appli 

cation Ser. No. 09/567,847, filed May 9, 2000, the disclosure 
of which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to electrical potentiometers 
that convert angular or linear mechanical movement or 
position to an electrical output. 

Various Schemes exist to convert angular or linear 
mechanical position to an electrical output. An example of 
Such a converter is a potentiometer, which convert position 
to an output Voltage by acting as a resistive divider. The 
analog output from a potentiometer can then be converted to 
a digital format, if required. 

Potentiometers are well know in the art. An example of a 
potentiometer is disclosed, for example, in U.S. Pat. No. 
4,081,782, the disclosure of which is incorporated by ref 
erence. Such devices typically include a housing that 
encloses a resistive element. A rotor, rotated by a shaft, 
carries a rotating element that electrically interconnects with 
the resistive element, Such as a film resistor, as the rotor is 
rotated to generate an electrical Signal having a Voltage 
characteristics defined by a point of contact with the resis 
tive element. For example, the rotor may carry a rotating 
contact element that mechanically contacts the resistive 
element as the rotor is rotated, to generate the electrical 
Signal. 
Some potentiometers convert linear movement into the 

Voltage Signal using a slider rather than a rotor, as also 
understood by those skilled in the art. 

SUMMARY OF THE INVENTION 

The present invention converts mechanical movement of 
a device input into a Signal that can be applied to particular 
purposes. In accordance with the present invention, a poten 
tiometer and associated Signal conditioning and processing 
circuitry are embedded together as a single unit for Simplic 
ity of assembly into particular applications, and for reliabil 
ity. 
One aspect of the invention provides an electronic device 

comprising a Substrate having opposed first and Second 
major Surfaces, a potentiometer coupled to the first major 
Surface of the Substrate, the potentiometer having an output 
terminal on which an electrical Signal is produced; and a 
programmable electronic device coupled to the Second 
major Surface of the Substrate, the programmable electronic 
device having an input receiving an indication of the elec 
trical Signal. 
One aspect of the invention provides an integrated poten 

tiometer comprising a Substrate having first and Second 
Substantially opposed major Surfaces, a potentiometer 
formed on the first major surface of the substrate, the 
potentiometer comprising an actuation Shaft, the potentiom 
eter varying at least one electrical Signal based on movement 
of the actuation shaft; and programmable electronic circuitry 
attached to the Second major Surface of the Substrate, the 
programmable electronic circuitry electrically coupled to the 
first major Surface. 
One aspect of the invention provides an integrated poten 

tiometer comprising a Substrate having first and Second 
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2 
opposed major Surfaces, a potentiometer formed on the first 
major Surface of the Substrate, wherein the potentiometer is 
configured to generate an electrical signal in response to 
movement of an input device, and electronic circuitry 
attached to the Substrate, wherein the electronic circuitry 
comprises Supervisory power processing circuitry, and a 
logic device for processing the electrical Signals generated 
by the potentiometer, and wherein at least Some of the 
electronic circuitry is attached to the Second Surface of the 
Substrate. 

One aspect of the invention provides an electronic device 
comprising: a printed circuit board having first and Second 
Substantially opposed major Surfaces, a potentiometer 
formed on the first major Surface of the Substrate, the digital 
potentiometer comprising: an actuation shaft having rota 
tional and axial movement; at least one resistive element 
formed on the first major surface of the printed circuit board 
for converting rotational and axial movement of the actua 
tion shaft into electrical Signals, a programmable logic 
device Surface mounted on the Second major Surface of the 
printed circuit board, wherein: the programmable logic 
device is connected through the printed circuit board to the 
potentiometer to receive the electrical Signal generated by 
the potentiometer; the programmable logic device is pro 
grammed to process the electrical Signal generated by the 
digital potentiometer; and Supervisory power processing 
circuitry attached to the Second major Surface of the printed 
circuit board for conditioning power applied to the program 
mable logic device; and a communication interface circuit 
attached to the Second major Surface of the printed circuit 
board for receiving from the programmable logic device 
processed signals. 

These and other aspects of the invention may be more 
fully comprehended upon review of the following in con 
junction with the referenced figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a potentiometer with embed 
ded circuitry constructed in accordance with the present 
invention. 

FIG. 2 is a perspective view of the lower side of a 
potentiometer with embedded circuitry constructed in accor 
dance with the present invention. 

FIG. 3 is a top view of the potentiometer shown in FIG. 
2. 

FIG. 4 is a side view of the potentiometer shown in FIG. 
2. 

FIG. 5 is a front view of the potentiometer shown in FIG. 
2. 

FIG. 6 is a Schematic diagram of an electronic device 
embodying an integrated potentiometer in accordance with 
the present invention. 

DETAILED DESCRIPTION 

Referring first to FIG. 1, a particular embodiment of the 
integrated potentiometer device constructed in accordance 
with the present invention is shown in functional block 
diagram form. The integrated potentiometer device receives 
input power through a power input 21 to a Supervisory 
power Supply protection component 23. The Supervisory 
power Supply protection component 23 may comprise Sev 
eral discrete elements that regulate the power to provide a 
Stable, clean power Source; filter the power to remove high 
frequency noise and protect other elements of the electronic 
circuitry from Voltage Spikes, and provide a reset function to 
ensure proper start-up of the other elements of the circuitry. 
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An input device 25 provides functional input for the 
integrated device constructed in accordance with the present 
invention. In one embodiment the input device is a poten 
tiometer. The potentiometer provides a variable resistence. 
Accordingly, the potentiometer provides a varying electrical 
Signal, generally a Voltage. 

Programmable logic 27 receives power from the Super 
Visory power Supply protection component 23, and poten 
tiometer signals from the potentiometer input device 25. The 
programmable logic 27 performs Signal conditioning and 
Signal processing functions on the potentiometer Signals. 
The programmable logic is preferably programmable either 
by the device manufacturer, or by the manufacturer of 
equipment using the device, to perform functions that are 
appropriate for the application. The programmable logic 
may be one-time programmable, or may be repeatedly 
programmable. The logic may be a programmable 
microcontroller, such as a RISC-type controller. The pro 
grammable logic produces conditioned and processed Sig 
nals appropriate for use by other, external devices. 
An output function converter 29 provides an output 

interface for making the conditioned and processed signals 
generated by the programmable logic available for applica 
tion to other devices. 

In accordance with the present invention, a potentiometer 
that converts linear or rotational mechanical movement into 
digital electronic signals is formed as an integral unit with 
circuitry Such as programmable logic that performs signal 
processing and other functions related to the operation of the 
potentiometer. In one embodiment, the programmable logic 
27 is Secured to the same electronic board or Substrate as the 
potentiometer 25 itself. 
A particular embodiment of an integrated potentiometer 

device 30 constructed in accordance with the present inven 
tion is shown in FIGS. 2 through 5. Referring first to FIG. 
2 the integrated potentiometer device 30 is seen in a per 
Spective view from its underSide. The integrated potentiom 
eter device 30 includes a potentiometer portion 25 mounted 
on a Substrate 31 that comprises a circuit board having upper 
and lower major Surfaces. 
The circuit board Substrate 31 is formed of conventional 

circuit board material, such as PCB FR-4, with multiple 
layers. The circuit board Substrate 31 includes circuitry (not 
shown) on both major surfaces thereof, with the intermedi 
ate layer(s) (not shown) containing circuitry interconnecting 
the Surface circuitry as appropriate for particular 
applications, in a manner known to those skilled in the art. 
The upper major surface of the circuit board substrate 31 

includes the potentiometer 25, while the lower major surface 
of the substrate 31 includes circuitry for converting the 
position and movement of the potentiometer 25 into prede 
termined electrical Signals, generating potentiometer output 
Signals. The circuitry for generating potentiometer output 
Signals may be of Substantially conventional design for a 
potentiometer, which will be familiar to those skilled in the 
art, and is nothere shown in detail. For example, the encoder 
may be of the type described in the aforementioned U.S. Pat. 
No. 4,081,782 previously mentioned or other conventional 
types. In accordance with aspects of Some of these conven 
tional designs, a potentiometer includes a rotor with an 
electrical contact attached to a Surface of the rotor. The 
contact makes electrical contact with a resistive element or 
elements formed So as to provide a resistance of the device 
bearing on the position of the rotor. In Some embodiments, 
an actuation shaft is attached to, and extends axially from, 
the rotor. The actuation shaft permits user input (rotational 
and axial) to the potentiometer. 
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4 
Still referring to FIGS. 2-5, a housing 35 encloses the 

upper potentiometer portion 25 of the integrated potentiom 
eter device 30. The housing 35 includes an upwardly extend 
ing hollow cylindrical fitting 37. The actuation shaft 33 of 
the potentiometer 25 extends through the hollow cylindrical 
fitting 37. The hollow cylindrical fitting 37 may be exter 
nally threaded So that the cylindrical fitting may be attached 
to a counsel or similar device mounting structure (not 
shown) that is formed with mating threads. The upper 
Surface of the housing may also include an externally 
threaded portion 41 to provide an additional option for 
attaching the integrated potentiometer to a counsel or Similar 
mounting Structure. 

Referring now to FIGS. 2, 4, and 5, the lower portion of 
the housing 35 includes downwardly extending mounting 
feet 43 that may be used in mounting the integrated poten 
tiometer device 30 in particular applications. For example, 
the feet 43 may abut a mounting Surface (not shown) to 
position the integrated potentiometer device 30 in its oper 
ating environment. In certain embodiments or 
implementations, openings (not shown) may be provided 
through the feet 43 to permit mounting Screws or other 
attachment devices (not shown) to be inserted through the 
housing to Secure the integrated potentiometer device 30 to 
a mounting Structure. 

Referring again to FIG. 2, one or more circuit elements 45 
are mounted on the lower major surface of the Substrate 31 
(opposite the potentiometer mounting). The circuit elements 
45 include the Supervisory power Supply protection 23, the 
programmable logic 27, and the output converter 29. Some 
elements may be mounted on the upper major Surface of the 
Substrate, alongside the potentiometer 25. However, in the 
embodiment illustrated, the upper Surface of the Substrate 
encompasses only the potentiometer 25. 
The programmable logic 27 may be any of a number of 

devices of types that are known to those skilled in the art. 
For example, the programmable logic may include an appli 
cation specific integrated circuit (ASIC) containing circuitry 
for processing the Signals generated by the encoder. Such 
circuitry may include circuitry for modifying or condition 
ing the potentiometer Signal, Such as Signal filters. Such 
Signal filters may include de-bounce circuitry familiar to 
those skilled in the art. The circuitry of the logic may also 
include Signal modifiers to identify angle of rotation and 
direction of rotation of the shaft, or to detect the speed with 
which the potentiometer shaft is manipulated. The circuitry 
may also provide access to multiple functions in response to 
particular rotational or axial movement of the shaft. Addi 
tional functions may be provided to permit hardware or 
Software keying of functions, to enable or disable embedded 
features and options. Furthermore, the programmable logic 
preferably includes memory for programming to accomplish 
Specific tasks desired of the circuitry. The memory may be 
included on an integrated logic device, or may be a separate 
device. The memory may be one time programmable, or 
may be repeatedly programmable. Thus, the memory may 
include EPROM or EEPROM devices. In a particular pre 
ferred embodiment, the logic is provided in a programmable 
microprocessor, Such as a Reduced Instruction Set Control 
ler (RISC-type) microprocessor with embedded memory. 
Alternatively, programmable logic arrays, and other pro 
grammable devices may be included. 

Integrated into the programmable logic or microprocessor 
may be debounce circuitry analogous to the circuitry con 
tained in a conventional MC 14490 device, application 
Specific decode logic, and other functions that previously 
performed in discrete Separate devices. 
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The programmable logic 27 may be programmed in Such 
a manner that how the programmable logic interprets signals 
from the potentiometer 25 can be modified to provide a 
different output at the output converter 29 (FIG. 1) for a 
given input Supplied by the potentiometer 25. An advantage 
of the integrated device 30 illustrated and described herein 
is that the programmable logic can be programmed So that 
it can be reprogrammed by manipulation of the actuation 
shaft 33 of the potentiometer 25 itself. For example, the 
programmable logic can be programmed So that, in certain 
modes of operation, the Signals produced by the potentiom 
eter 25 in response to particular manipulations of the actua 
tion shaft 33 alter features of the programmable logic, Such 
as Selecting modes of operation, or adjusting particular 
performance characteristics of the Signal processing func 
tions. 

The programmable logic or microprocessor 27 is prefer 
ably mounted on the lower major surface of the Substrate 31 
using Surface mount technology. Surface mounting elimi 
nates the protrusion of electrical pins through the Substrate. 
Multilayer substrates with multiple layers of embedded 
electrical circuitry can be used in combination with Such 
Surface mount technology to permit the installation of elec 
tric devices on both sides of the Substrate board. The 
circuitry on the lower major Surface of the circuit board 
Substrate therefore includes Surface mount pads (not shown). 
Thus, the potentiometer 25 and the programmable logic 27 
may be mounted on the opposed major Surfaces of a Single 
circuit board Substrate 31. 

Additional electronic devices 45 may be attached to the 
lower major surface of the circuit board substrate 31. For 
example, if the Supervisory power Supply protection func 
tion and the output converter function are not integrated into 
the programmable logic 27, devices for performing those 
functions may be separately attached to the lower Surface of 
the circuit board Substrate. 

The integrated potentiometer device 30 includes a plural 
ity of input and output pins 47. The input and output pins 47 
extend vertically from a horizontal extension 49 of one edge 
of the circuit board Substrate 31. In the illustrated embodi 
ment shown in FIGS. 2 through 5, the input and output pins 
47 are elongate vertical metal cylinders that provide elec 
trical connections to which a variety of external devices may 
be attached. Circuitry for conducting power and/or signals 
between and among the input and output pins 47, the 
programmable logic 27, the potentiometer 25, and other 
circuit elements 45 mounted on the circuit board Substrate 
31 may be applied to either Surface major Surface of the 
circuit board Substrate, or may be embedded in an interme 
diate layer of the circuit board substrate. The information of 
Such circuitry on the circuit board Substrate will be apparent 
to those skilled in the art. Those skilled in the art will also 
recognize that other forms of input and output contact points 
may be provided on the circuit board Substrate. 

Potentiometers are used in a variety of applications. One 
common application is the Volume control for an audio 
device, Such as a radio, in which the rotational position of 
the shaft 33 is converted into a particular volume level. In 
Such an application, an absolute potentiometer may be most 
appropriate, wherein a particular rotational position of the 
shaft 33 is always associated with a particular Signal, Such 
as to designate a particular volume level. In many Such 
applications, the Shaft 33 may also function as the on/off 
Switch for the audio device. For example, briefly depressing 
the shaft 33 axially turns the audio device on or off. In 
alternative applications, depressing the shaft 33 of the poten 
tiometer 25 may produce different results in different cir 
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6 
cumstances. For example, depressing and shortly thereafter 
releasing the shaft 33 may function as an on/off Switch or 
Switch the device between different modes of operation, 
while holding the Shaft in a depressed position for a longer 
period of time may access a menu of options that may be 
Selected by the user. A single rotary control could therefore 
provide menu access to multiple functions, eliminating the 
need for multiple Separate controls. For example, a Single 
rotary control on an audio device can be programmed using 
the present invention to provide controls for treble and bass 
control, and for balance and fade, as well as power on/off 
and Volume. The functions provided in response to the 
manipulation of the encoder shaft 33 are determined by the 
programmable logic included in the integrated potentiom 
eter device 30. 

In certain other applications, a relative potentiometer is 
appropriate. A relative potentiometer generates a signal 
indicating relative movement of the rotor Shaft. Again, the 
functions provided are determined by the logic included in 
the integrated potentiometer device 30. 
An exemplary detailed Specific implementation of the 

integrated potentiometer device 30 of the present invention 
is illustrated in the circuit diagrams of FIG. 6 for a particular 
application. In the diagram of FIG. 6, a potentiometer 101 is 
provided on one surface of a printed circuit board (PCB) 
103. The potentiometer is, in some embodiments as previ 
ously discussed, and in Some embodiments is a Surface print 
potentiometer. The potentiometer receives a high Voltage 
Signal and a low Voltage Signal. In the case of the device of 
FIG. 6 the high Voltage Signal is a V, Voltage Signal 105 
and the low Voltage Signal is a ground Signal 107. The 
potentiometer provides a common mode signal COM 109. 
The COM signal indicates a position of, for example, a rotor 
controlling the variable resistance of the potentiometer. 
The V, and ground Signals are provided by a Voltage 

regulator 111. The Voltage regulator is mounted to an 
opposing Side of the PCB. The Voltage regulator in Some 
embodiments includes a Surge protector and other similar 
power Supply related circuitry. 
The COM signal of the potentiometer is provided to a 

processor 123. The processor is also mounted on the oppos 
ing Side of the PCB. The processor receives power Signals 
from the Voltage regulator, and a clock signal 125 provided 
by an oscillating circuit 127. The processor performs signal 
processing functions in accordance with the configuration of 
the processor. In Some embodiments the processor is a 
programmable logic device, an ASIC, a digital Signal pro 
cessor (DSP), a RISC processor, or various other types of 
processors. 

The processor also receives a feedback signal FB 131. 
The feedback signal is provided to the processor. In various 
embodiments the processor provides output Signals based on 
the values of the COM and FB signals. 

In the embodiment of FIG. 6, the application is a motor 
controller. Accordingly, the processor also receives a motor 
indicator Signal as the feedback Signal. In one embodiment 
the motor Signal indicator is a signal indicating an angular 
position of a shaft of a motor. Accordingly, operation of the 
motor results in movement of the Shaft coupled to the motor, 
with the shaft controlling position of a potentiometer. The 
motor potentiometer provides the feedback Signal to the 
processor. 
The processor, in one embodiment, includes analog to 

digital converter capability and internally generates signals 
indicative of the Voltage, and thus the position, of the 
potentiometer and the motor potentiometer. In one 
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embodiment, the processor performs a comparison of the 
two signals, and commands the motor to rotate the Shaft. 
Thus, for example, a processor provides a first output Signal 
131 and a second output signal 133. The output signals form 
a differential Signal. 
The differential signals are provided to a signal driver 

135. The Signal driver increases the Signal Strength and 
otherwise amplifies the Signal provided by the microproces 
Sor as necessary to provide drive signals to a motor. In one 
example, the Signal driver is a differential buffer. In one 
embodiment the Signal driver includes a pair of op-amps 
137, 139, each op-amp receiving one of the differential 
Signals and a reference Signal, with the op-amps providing 
an open loop gain to drive motor Signals 141, 143. 
The motor Signals are provided to the motor, with the 

differences in the Voltages of the motor Signal driving the 
motor one direction or another. In Some embodiments the 
processor also includes a dead band, in which no motor 
actuation is provided. 

Although the present invention has been described above 
in particular embodiments, it will be clear from the forego 
ing discussion that numerous variations and modifications 
will Suggest themselves to those skilled in the pertinent arts. 
Such variations and modifications should be considered 
within the Spirit and Scope of the present invention, defined 
as the claims and their equivalents Supported by this disclo 
SUC. 

What is claimed is: 
1. An electronic device comprising: 
a Substrate having opposed first and Second major Sur 

faces, 
a potentiometer coupled to the first major Surface of the 

Substrate, the potentiometer having an output terminal 
on which an electrical signal is produced; and 

a programmable electronic device coupled to the Second 
major Surface of the Substrate, the programmable elec 
tronic device having an input receiving an indication of 
the electrical Signal. 

2. The electronic device of claim 1 wherein the program 
mable electronic device comprises a Signal processor con 
figured for processing using the electrical signal. 

3. The electronic device of claim 1 wherein the program 
mable electronic device comprises a programmable control 
ler. 

4. The electronic device of claim 3 wherein the program 
mable controller is programmed to process using the elec 
trical Signal; and 

the programmable controller is additionally programmed 
So that the programmable controller can Selectively 
alter processing based on the State of the electrical 
output. 

5. The electronic device of claim 1 further comprising a 
power regulator coupled to the Second major Surface of the 
Substrate. 

6. The electronic device of claim 5 further comprising a 
communication interface circuit coupled to the Second major 
Surface of the Substrate, the communication interface circuit 
receiving an indication of a processor output signal pro 
duced by the programmable electronic device and forming a 
device output signal. 

7. An integrated potentiometer comprising: 
a Substrate having first and Second Substantially opposed 

major Surfaces, 
a potentiometer formed on the first major Surface of the 

Substrate, the potentiometer comprising an actuation 
shaft, the potentiometer varying at least one electrical 
Signal based on movement of the actuation Shaft; and 
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8 
programmable electronic circuitry attached to the Second 

major Surface of the Substrate, the programmable elec 
tronic circuitry electrically coupled to the first major 
Surface. 

8. The integrated potentiometer of claim 7, wherein the 
potentiometer is configured to generate an electrical Signal 
in response to rotational and axial movement of the actua 
tion shaft. 

9. The integrated potentiometer of claim 8, wherein the 
programmable electronic circuitry comprises a signal pro 
ceSSor configured for processing the Signal produced by the 
potentiometer. 

10. The integrated potentiometer of claim 8, wherein the 
programmable electronic device comprises a programmable 
controller. 

11. The integrated potentiometer of claim 10, wherein: 
the programmable controller is programmed to process 

the Signal produced by the potentiometer, and 
the programmable controller is additionally programmed 

So that the electrical Signal produced by the potenti 
ometer can Selectively alter the Signal processing per 
formed by the programmable controller. 

12. The integrated potentiometer of claim 8, wherein the 
electronic circuitry comprises: 

a programmable electronic device for performing Signal 
processing functions, and 

Supervisory power circuitry. 
13. The integrated potentiometer of claim 12, wherein the 

electronic circuitry additionally comprises a communication 
interface circuit. 

14. The integrated digital electronic encoder of claim 8, 
additionally comprising a housing enclosing the potentiom 
eter. 

15. The integrated potentiometer of claim 8, wherein the 
electronic circuitry is Surface mounted on the Second major 
Surface of the Substrate. 

16. An integrated potentiometer comprising: 
a Substrate having first and Second opposed major Sur 

faces, 
a potentiometer formed on the first major Surface of the 

Substrate, wherein the potentiometer is configured to 
generate an electrical Signal in response to movement 
of an input device; and 

electronic circuitry attached to the Substrate, wherein the 
electronic circuitry comprises Supervisory power pro 
cessing circuitry, and a logic device for processing the 
electrical Signals generated by the potentiometer, and 
wherein at least Some of the electronic circuitry is 
attached to the Second Surface of the Substrate. 

17. The integrated potentiometer of claim 16, wherein the 
Supervisory power processing circuit comprises a power 
regulator and a power filter. 

18. The integrated potentiometer of claim 17, wherein the 
power filter comprises a capacitor. 

19. The integrated potentiometer of claim 16, wherein the 
logic device comprises a programmable logic device. 

20. The integrated potentiometer of claim 19, wherein the 
programmable logic device is programmed to perform Signal 
processing functions on the electrical Signals generated by 
the potentiometer. 

21. The integrated potentiometer of claim 20, wherein: 
the programmable logic device is programmed to process 

the Signal produced by the potentiometer, and 
the programmable logic device is additionally pro 
grammed So that the electrical Signal produced by the 
potentiometer can Selectively alter the Signal process 
ing performed by the programmable logic device. 
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22. The integrated potentiometer of claim 21, wherein the 
electronic circuitry additionally comprises a communication 
interface circuit. 

23. The integrated potentiometer of claim 16, wherein the 
electronic circuitry is Surface mounted on the Second major 
Surface of the Substrate. 

24. An electronic device comprising: 
a printed circuit board having first and Second Substan 

tially opposed major Surfaces, 
a potentiometer formed on the first major Surface of the 

Substrate, the digital potentiometer comprising: 
an actuation shaft having rotational and axial move 

ment, 
at least one resistive element formed on the first major 

Surface of the printed circuit board for converting 
rotational and axial movement of the actuation shaft 
into electrical Signals, 

a programmable logic device Surface mounted on the 
Second major Surface of the printed circuit board, 
wherein: 
the programmable logic device is connected through 

the printed circuit board to the potentiometer to 

1O 

15 

10 
receive the electrical Signal generated by the 
potentiometer; 

the programmable logic device is programmed to 
process the electrical Signal generated by the digi 
tal potentiometer; and 

Supervisory power processing circuitry attached to 
the Second major Surface of the printed circuit 
board for conditioning power applied to the pro 
grammable logic device, and 

a communication interface circuit attached to the 
Second major Surface of the printed circuit board 
for receiving from the programmable logic device 
processed signals. 

25. The electronic device of claim 24, wherein: 
the programmable logic device is programmed to process 

Signals produced by the potentiometer; and 
the programmable logic device is additionally pro 
grammed So that the electrical Signals produced by the 
potentiometer can Selectively alter the Signal process 
ing performed by the programmable logic device. 


